SUMMARY. The objective of this study was to investigate the effects of the application of indole-3-butyric acid (IBA) at concentrations of 0, 30, 60, and 90 mgÁL L1 , for 24 hours, on rooting of softwood and semihardwood cuttings of tea (Camellia sinensis var. sinensis 'Yabukita' and C. sinensis var. assamica 'IAC-259') collected in winter and summer. In the summer, IBA increased root percentage of softwood cuttings from 'Yabukita' compared with the control. However, the rooting of semihardwood cuttings was unaffected by this growth regulator. In winter, application of 90 mgÁL L1 IBA increased the rooting regardless of the type of 'Yabukita' cuttings. In addition, in 'IAC-259', there was an increase in dry weight, number of roots (NOR), and rooting percentage of softwood cuttings collected in summer with application of 90 mgÁL L1 IBA compared with control. In contrast, during the same period of the year, the semihardwood cuttings of 'IAC-259' were unaffected by the IBA. In winter, the percentage of cutting survival, rooting, the number, and length of roots were unaffected by IBA in 'IAC-259'. Overall, we would recommend the use of exogenous IBA for rooting of cuttings collected in the summer or winter.
T he most important producers of tea are China, India, and tropical southern Asia. In Brazil, this plant is cultivated in Vale do Ribeira region, São Paulo state, to produce mainly black tea.
The success of tea productions depends on a uniform stand of plants that are propagated by cuttings, because sexual propagation cannot guarantee high yield and quality. However, tea plants are considered a difficult-to-root species (Wei et al., 2013) . The difficulty of rooting can be caused by external factors, such as light and temperature, and internal factors, such as nutrition, age, and plant hormonal balance (Hartmann et al., 2011) . Furthermore, the physiological age of the plant material affects the promotion of adventitious roots in some species. According to Gomes et al. (2002) , guava plants (Psidium guajava) have increased rooting in softwood cuttings, whereas in litchi (Litchi chinensis), optimal rooting was in semihardwood cuttings (Carvalho et al., 2005) . The impact of physiological age of tea on rooting capacity has not been reported.
Auxins as promoters of the development of adventitious roots on stems are widely known. Many woody species have early preformed adventitious root primordia on their stems, which remain dormant, unless they receive auxin stimulus (Salisbury and Ross, 1992) . IBA is among the exogenous auxins applied for rooting of cuttings because it presents greater resistance to photodegradation, inactivation by biological action, and adherence to the cutting (Hartmann et al., 2011) . However, the beneficial effects of exogenous auxins are concentration dependent. The application of auxin promotes rooting growth when used in a certain concentration; the effect becomes inhibitory when concentrations are higher. The ideal concentration for the treatment of cuttings varies according to the species and varieties (Zietemann and Roberto, 2007) . contained a bud and an entire leaf at the distal end. The cuttings were put into the experiments 3 h after collecting the plant material from collection in São Miguel Arcanjo city. The experimental design was a randomized block with four replications, with a 2 · 4 factorial treatment design, of two types of cuttings (softwood and semihardwood) and four concentrations of IBA (0, 30, 60, and 90 mgÁL STATISTICAL ANALYSIS. Statistical analysis of data was performed for each variety and season, separately, using SAS (version 9.2; SAS Institute, Cary, NC). The results were analyzed by analysis of variance (ANOVA) and Tukey's test at P = 0.05. The percentage of rooting and CS were transformed by (x + 0.5) 0.5 , because the distribution of the data did not accord to the basic requirements necessary to do ANOVA.
Results and discussion
IBA EFFECTS ON CUTTINGS ROOTING. For cuttings of 'Yabukita' collected in summer rooting percentage, NOR, DWR, and RL were greater with IBA compared with control (Table 1) . 'Yabukita' CS was unaffected by the application of IBA (Table 1) .
In the winter, CS, NOR, DWR, and RL were unaffected by IBA treatments for 'Yabukita'. PR was higher in treatments with 90 mgÁL -1 IBA than other rates of this growth regulator and control (Table 1) .
In 'IAC-259' in summer, RL, DWR, NOR, and PR increased with the application of 90 mgÁL -1 IBA compared with control and was statistically similar to the other IBA concentrations. In the winter, only DWR of 'IAC-259' cuttings was affected by the application of IBA, with highest concentration increasing DWR by 88% compared with the control.
The fact that rooting of 'IAC-259' was unaffected by the application Table 1 . Effect of indole-3-butyric acid (IBA) concentration (0, 30, 60, and 90 mgÁL L1 ) and cuttings type (softwood and semihardwood) on cutting survival (CS), rooting, number of roots (NOR), dry weight of roots (DWR), and root length (RL) of 'Yabukita' tea under greenhouse and commercial substrate conditions, during the summer (Jan. to Feb. 2010) of IBA on cuttings collected in winter might be explained by the characteristics of the plant material collected in this period, because varieties may or may not be affected by a source of exogenous auxin (Hartmann et al., 2011) . The fact that rooting of IAC-259 was unaffected by the exogenous IBA on cuttings collected in the winter might be explained by different morphological, biochemical, and physiological characteristics of genetic materials.
Therefore, sources of exogenous auxin such as IBA can be used to increase the accumulation of free auxin (IAA) in the base of cuttings tissue from difficult-to-root species to induce the formation of adventitious roots (Kevers et al., 1997) . These species do not have enough accumulation of IAA to initiate dedifferentiation and induction of cell division for the formation of root primordia (Ford et al., 2001 ). However, the response of rooting in the cuttings show variation according to the aging and the environmental effects (Lai et al., 2001 ) because the varieties of tea might have varietal differentiation in terms of geographical origin (Balasaravanan et al., 2003) .
TYPES OF CUTTINGS EFFECT ON ROOTING.
In the summer, all rooting characteristics were not influenced by Table 2 . Effect of indole-3-butyric acid (IBA) concentration (0, 30, 60, and 90 mgÁL L1 ) and cuttings type (softwood and semihardwood) on cutting survival (CS), rooting, number of roots (NOR), dry weight of roots (DWR), and root length (RL) of 'IAC-259' tea under greenhouse and commercial substrate conditions, during the summer (Jan. to Feb. 2010) LSD = least significant difference. z 1 mg = 3.5274 · 10 -5 oz; 1 cm = 0.3937 inch; 1 mgÁL -1 = 1 ppm. y Means within columns followed by different letters differ significantly at P £ 0.05 by Tukey's multiple range test. *Significant at P £ 0.05, NS = not significant. Table 3 . Rooting percentage of softwood and semihardwood cuttings of 'Yabukita' tea, under greenhouse and commercial substrate conditions, treated with different concentrations of indole-3-butyric acid (IBA) during the summer (Jan. to Feb. 2010) at Piracicaba, Brazil. 75.0 a A 55.0 a A z 1 mgÁL -1 = 1 ppm. y Means followed by the different uppercase in the row and lowercase in the column differ significantly at P £ 0.05 by Tukey's multiple range test.
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• October 2016 26 (5) the types of cuttings of 'Yabukita', except for CS and PR, which were higher in softwood than semihardwood cuttings (Table 1) . In the winter, the 'Yabukita' PR and the DWR were higher for semihardwood cuttings compared with softwood probably due to the greater quantity of carbohydrate reserves present in the semihardwood cutting. According to Fachinello et al. (2005) , carbohydrates reserves can be converted into an energy source for the development of the root system.
For variety IAC-259, the CS and RL were higher in softwood than semihardwood cuttings in summer. However, the percent rooting, NOR, and DWR were higher for semihardwood cuttings. In winter, the type of cutting affected only CS that was 16.3% higher for softwood than semihardwood cuttings (Table 2 ). Variety IAC 259 had higher PR in semihardwood than softwood cuttings (Lima et al., 2013) . Besides the type of cutting, the genotype and the climatic conditions also can influence the rooting development. Variety IAC 259 was developed by Agronomic Institute (IAC) located in São Paulo state, Brazil, under subtropical climatic conditions, which can get different rooting development in different seasons during the year (Hartmann et al., 2011; Maia et al., 2014) .
TREATMENTS EFFECT ON CUTTINGS ROOTINGS. In summer, 'Yabukita' softwood cuttings showed increased PR with IBA application (30-90 mgÁL -1 ) as compared with the control. However, for the semihardwood cuttings, the use of this growth regulator did not affect the PR. The cuttings treated with 30 or 60 mgÁL -1 IBA showed higher PR for softwood cuttings in relation to the semihardwood (Table 3) .
In softwood, cuttings of 'IAC-259' propagated in summer (Table  4) , the application of 90 mgÁL -1 IBA resulted in a higher DWR and NOR compared with other treatments and the control. The PR of softwood cuttings of this variety was also higher with this rate of IBA compared with 30 mgÁL -1 and the control. In contrast, semihardwood cuttings were unaffected by IBA.
According to Ford et al. (2001) , the initial basal IAA concentration alone does not determine the rooting capacity; other factors are also relevant, such as the rates of production and transport of IAA in the bud, IAA conjugation metabolism, and efficiency of IAA transport to the cells that suffer dedifferentiation (Blakesley et al., 1991) .
IBA did not affect the PR of semihardwood cuttings in either variety in the summer, probably due to the presence of sclereids in the tissues of the cuttings, which is common in semihardwood cuttings of difficult-to-root species. The sclereids are rich in lignin, which hinders the formation of adventitious roots (Hartmann et al., 2011) . Thus, softwood cuttings are more suitable for the propagation of both varieties of this species for they have discontinuous and thin sclereids layers, which facilitate rooting (Beakbane, 1969) .
Generally, results showed that IBA treatment is a way of standardizing rooting in softwood and semihardwood cuttings of tea. However, the effect of IBA depends on the type of cuttings, season of collection, and the variety of tea. Based on our experiments, we would recommend the use of exogenous IBA for rooting of cuttings collected in the summer or winter. Table 4 . Dry weight of roots (DWR), number of roots (NOR), and rooting of softwood (SC) and semihardwood (SHC) cuttings of 'IAC-259' tea, under greenhouse and commercial substrate conditions, treated with different concentrations of indole-3-butyric acid (IBA) during the summer (Jan. to Feb. 2010) 1 mgÁL -1 = 1 ppm; 1 mg = 3.5274 · 10 -5 oz. y Means followed by the different uppercase in the row, and lowercase in the column, differ significantly at P £ 0.05 by Tukey's multiple range test.
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